IGUSA (Juncos effuses var. decipiens), which is commonly used to make TATAMI and Japanese flooring mats, is disposed off as a waste material in large quantities that has became a serious problem in Japan. We investigated whether this IGUSA waste could be used as a substrate by Rhizopus strains for producing glucoamylase. R. cohnii produced 1034 U/(g substrate) of glucoamylase activity from the growth medium containing the IGUSA waste. Supplementation of this growth medium with organic nitrogen sources inhibited protease production, but significantly increased (3-times or more) the glucoamylase production by R. cohnii. The most effective form of IGUSA waste was the rough powder form that retained the honeycomb structure of IGUSA. Use of the rough powder form in the growth medium increased the glucoamylase production to 9204 U/(g substrate). R. cohnii produced the similar amount of glucoamylase from all substrates (the IGUSA waste, Japanese flooring mat waste, and wheat bran) after 168 h growth. The specific activities of glucoamylase produced by R. cohnii from the IGUSA and Japanese flooring mat wastes were higher than that for the wheat bran. Thus, the method described here opens up new avenues for producing value-added products from the IGUSA waste.
Introduction
IGUSA (Juncos effuses var. decipiens) is commonly used to make TATAMI and other types of Japanese flooring mats, which is called GOZA. Disposal of waste materials from the TATAMI and Japanese flooring mat industries have become a serious problem in Japan. For TATAMI production, IGUSA is at first divided according to their size, and then they are cut to the same length. This sorting process is repeated over and over. IGUSA plant, which is like a pipe that extends into the shape of a fan, is grown up to knee high so that every damaged crack or suntan can be spotted and eliminated. Thus, in the manufacturing process of TATAMI a large amount of IGUSA plant material is wasted. Most of IGUSA waste is exhausted at early summer which was harvesting season. In the year 2007, approximately 15,000 tons of IGUSA was produced in Japan [1] , almost half of which was allegedly wasted during the TATAMI manufacturing process. Most of the wasted material was simply dumped in the landfills or incinerated. Methods to convert these IGUSA waste materials into value-added products are, therefore, highly desirable. However, the culture volume had an effect on the specific activity of glucoamylase produced by R. cohnii (Fig. 2B) .
Results and Discussion
The specific activity of glucoamylase produced by R, cohnii was higher as the culture volume increased. These results suggested R. cohnii preferentially produced glucoamylase in the large scale culture. Further studies are necessary to establish the role of increasing the specific activity of glucoamylase. Interestingly, activities of acidic proteases, produced by R.
cohnii, in the added nitrogen source containing media, especially in the organic nitrogen source containing media, were lower than those in the medium containing only the IGUSA waste and no added nitrogen source. In the case of neutral proteases did not decreased in the nitrogen added media except in one case. Based on these results, we selected organic nitrogen sources (yeast extract and peptone) to add to the growth medium containing the IGUSA waste for producing high glucoamylase activity in the following sets of experiments.
Next, we investigated how supplementation with an organic nitrogen source would effect the production of glucoamylase activity, specific activity of glucoamylase, acidic protease activity and neutral protease activity in the large-scale culture. As found in the case of the small-scale culture, glucoamylase activity produced by R, cohnii significantly increased when an organic nitrogen source was added to the large-scale growth medium containing the IGUSA waste (Fig. 3A) . After 168 h incubation, the maximum glucoamylase activity in the presence of yeast extract and peptone were 4645 U/ (g substrate), and 3542 U/ (g substrate), respectively. Addition of yeast extract to the IGUSA waste containing medium almost quadrupled the glucoamylase production, whereas that in the presence of peptone almost tripled the glucoamylase production. However, the specific activity of glucoamylase at each test condition was very similar (Fig. 3B ). Production of acidic proteases was inhibited when grown in the presence of added organic nitrogen sources (Fig. 3C ) . Neutral protease activities were expressed at a very low level under the all test conditions (Fig. 3D) .
It was previously shown that supplementation with nitrogen sources in the culture medium of Rhizopus sp.
MKU4O affected the production of proteases and glucoamylase [15] . Production of glucoamylase by Aspergillus sp. HA-2 in wheat bran containing growth medium was also shown to be affected by the addition of nitrogen source [20] . Our results show that the growth medium supplemented with an organic nitrogen source (such as yeast extract or peptone) produced higher amounts of glucoamylase than that in the growth medium supplemented with an inorganic nitrogen source (such as ammonium sulphate or ammonium chloride) . We also investigated the temperature stability of acidic proteases produced by R.
cohnii and found that the acidic proteases produced in the growth medium containing the IGUSA waste and yeast extract were more stable than those produced in the growth medium containing the IGUSA waste only (data not shown) . Organic nitrogen sources (yeast extract, peptone, and so on) contain a large amount of amino acids and vitamins [22] , which may affect the expression and stability of glucoamylase and acidic proteases produced by the Rhizopus strains. Further studies are necessary to understand why the glucoamylase production is increased and protease production is inhibited in the presence of organic nitrogen sources.
We next examined how organic nitrogen source supplementation would affect the relative wheat starch-digesting activity of glucoamylase produced by R. cohnii and R. peka. We observed R. cohnii cultured cells on the IGUSA waste. As shown in Fig. 4 , R. cohnii grew like covering the surface of IGUSA waste. IGUSA waste have characteristic honeycomb structure and to control humidity [14] . In SSF process the solid substrate not only supplies the nutrients to the culture but also serves as an anchorage for the microbial cells.
We next investigated effect of shapes of IGUSA waste on the glucoamylase produced by R. cohnii. For this purpose, the IGUSA waste was processed into three forms: one cm rectangles, rough powder (in which the honeycomb structure was still maintained) and micronized powder (in which the honeycomb structure was destroyed).
After 168 h growth, 4645 U/(g substrate), 9204 U/(g sub- strate) and 4399 U/ (g substrate) of glucoamylase activities were found in the media containing the rectangle, rough powder and micronized powder forms of IGUSA waste, respectively. As shown in Fig. 5A , when rough powder form of IGUSA waste was used in the growth medium, the glucoamylase activity was highest. The specific activity of glucoamylase was also highest in the medium containing the rough powder form of IGUSA waste than in the medium containing either the rectangle or micronized powder form of IGUSA waste (Fig. 5B) .
Glucoamylase produced by A, niger was also influenced by the particle size of the wheat bran used as a substrate;
when the size of the wheat bran was either too big or too small, the production of glucoamylase was found to be reduced tively. However, the specific activities of glucoamylase produced in the medium containing the IGUSA waste and Japanese flooring mat waste were higher than that produced in the medium containing the wheat bran (Fig. 6B ).
Conclusion
In conclusion, our study showed that the IGUSA waste, 
